It is widely believed that searching for a light Higgs boson (with a mass around 120 GeV) in the W H and ZH channels, where H → bb, will be very challenging at the LHC. These proceedings describe how this channel can be recovered as a promising search channel at high pt by using a subjet analysis procedure.
Motivation
One of the major goals of the LHC is to discover the Higgs boson, which is the only particle of the Standard Model (SM) that has not been seen yet at colliders. Even if we cannot predict its mass, SM precision electroweak fits seem to favour a low-mass Higgs, 2 and LEP data excluded a mass below 114 GeV. 3 That's why we are going to focus on the search for a light Higgs boson at the LHC, assuming its mass is between 115 GeV and 130 GeV. Such a search is very difficult because the dominant decay channel into a bb pair is swamped by backgrounds. To overcome this issue, experiments usually rely on a combination of several search channels including Higgs decay into γγ, ZZ * , and τ + τ − . Unfortunately, to be efficient discovery channels, they need a large integrated luminosity. 4,5 Therefore, maybe would it be interesting to examine Higgs boson production in association with a W or a Z, where the vector boson decays leptonically, and H decays into bb? These channels may improve our ability to see a low-mass Higgs boson and they offer an opportunity to measure Higgs couplings with vector bosons and bb.
Problems and high-p t solution
These channels are important search channels at Tevatron, 6 but at the LHC they suffer from very large QCD backgrounds, essentially W bb, Zbb and tt. The Atlas study 7 also highlighted the fact that you need an exquisite control of background shape in order to identify the signal above it.
To get rid of these problems, one possible solution is to look for high-p t Higgs bosons, p t > p (1) the ratio signal over background is increased because the V bb cross-section falls somewhat more quickly with p t than V H cross-section, and due to kinematical constraints a , the tt crosssection b falls even more quickly with p t ; (2) as V and H are very boosted, they mainly decay in the central region of the detector, and therefore we gain in detector acceptance; (3) the a b andb from t andt decays must be close to each other, see next section b more precisely the part of the tt background that looks like the signal ZH channel where Z → νν becomes more easily visible because of the large missing E T ; (4) backgrounds lose the cut induced shape that was problematic in the Atlas study.
The subjet analysis procedure
As the Higgs boson is very boosted, the b andb from its decay are close to each other. c Therefore, we require 1 high-p t jet in the event. Once such a jet is identified, a question immediately arises: is it a Higgs jet or a background QCD jet? Of course, this is common problem for LHC analyses and some solutions have already been found in the boosted regime. 10,11,12 All of them exploit the soft divergence of gluon emission in QCD, which implies that there is a high probability to emit a soft gluon. Therefore, if one measures the energy fraction of a splitting, one can make a guess as to whether a gluon was emitted or not. By doing so, we can reduce a large part of the quark-gluon and gluon-gluon splittings, even if gluon splitting intoremains irreducible with this method.
The mass drop analysis (MD)
In our study, we use this idea as a first step to suppress as much background as possible in what we call the Mass Drop Analysis. Its goal is to identify the splitting responsible for the large jet mass, while discarding soft emissions. In order to extract the angular scale R bb of this splitting (cf note c), we use the Cambridge/Aachen (C/A) algorithm, 8,9 which is a sequential recombination algorithm like the k t except that it is ordered in angle rather than in relative transverse momentum. We go back through the clustering history of the highest-p t jet using the following procedure:
1. Break j into 2 subjets j 1 and j 2 (such that m j 1 > m j 2 ) by undoing its last stage of clustering.
2. If (m j 1 < µm j ) and min(p 2 t j1 , p 2 t j2 )∆R 2
Otherwise, redefine j to be equal to j 1 and go back to step 1.
Here, µ and y cut are 2 parameters of this procedure that measure respectively the importance of the mass drop and the hardness of the splitting. In practice, they were chosen as µ = and y cut = 0.09.
The final jet j that remains after the end of the loop is considered as our Higgs candidate if both j 1 and j 2 are b-tagged.
The filtering analysis
The MD analysis allows us to reduce the background but is not sufficient for the LHC. Indeed, at the reference p t scale of 200 or 300 GeV, the angular separation R bb is still large (cf note c: R bb ∼ 1) and the Underlying Event (UE), whose effect on the jet mass scales like R 4 , 13 will degrade too much the mass resolution (cf figure 1) . We thus have to reduce this effect as much as possible, and this is what is done in the filtering analysis, whose procedure is the following: first define R filt = min 0.3, m (GeV) Figure 1 : (a) Effect of the subjet analysis procedure on the signal: ZH events with UE were generated using HERWIG 14,15 and JIMMY 16 , with a pt cut of 200 GeV, and clustered using C/A with R = 1.2. We plot the Higgs candidate jet mass distribution before any subjet analysis (solid curve), after MD analysis (dotted curve), and after filtering analysis (dashed curve). (b) The same for the background (QCD jets), where the hardest jet mass distributions are plotted. Notice that the MD analysis essentially reduces the background in the signal region, whereas the filtering analysis improves jet mass resolution for the signal
Event generation and selection
To examine the impact of the subjet analysis on a light Higgs boson search at the LHC, we generated signal and background events using HERWIG 14,15 . We studied 3 different channels, all involving the production of a Higgs boson (decaying into bb) with a vector boson (decaying leptonically): (1) ZH with Z → l + l − , (2) ZH with Z → νν, (3) W H with W → lν. For each channel, we generated several kind of backgrounds: W W , W Z, ZZ, Zj, W j, jj, tt, single top. We also simulated the UE using JIMMY 16 . The reader is refered to 1 in order to get all the detailed cuts of our analysis. But the two most important points to keep in mind are the large p t cut of at least 200 GeV we impose on the Higgs candidate, and the subjet analysis procedure to discriminate against QCD background and improve jet mass resolution. 
Conclusion
Contrary to what was believed, W H and ZH channels may be promising search channels at the LHC for a low-mass Higgs boson. We carried out a simple analysis that leaves room for improvement, and the significance of 4.5σ that we obtained for 30 fb −1 implies that it deserves at least a serious experimental study. f Moreover, this channel provides very important information on W W H, ZZH and bbH couplings. 17 This study exploits a new subjet analysis procedure that allows one to reduce QCD background and improve mass resolution on jets. It is not restricted to Higgs physics, but can also be used to identify for instance a W or a Z, or even new particles, that decay hadronically.
